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7KH HOHFWURQLF FRUUHODWLRQV LQ R[LGH +76& LQ WKH QRUPDO VWDWH DUH DQDO\]HG E\ WKH
JHQHUDOL]HG +DUWUHH)RFN WKHRU\ RI 1DPEX DQG *RUNRY ,W \LHOGV WZR NLQGV RI
SVHXGRJDSV7KHVPDOOSVHXGRJDS63*LVREWDLQHGDVWKH)RFNGLDJUDPZKHUHDVWKH
ODUJHSVHXGRJDS/3*LVREWDLQHGDVWKHVXPRIWKH)RFNDQGWKH+DUWUHHGLDJUDPV
:HILQGUHDOJDSVIRU WKHXQGRSHG LQVXODWLQJPDWHULDOVDQGFRPSOH[SVHXGRJDSVIRU
WKH GRSHG DQG FRQGXFWLQJ PDWHULDOV 7KH ODWWHU UHVXOW LQ WKH 9VKDSHG H[SHULPHQWDO
GHQVLW\RIVWDWHV
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2[LGH+76&DUHREWDLQHGE\GRSLQJPDWHULDOVWKDWDUHVXSSRVHGWREHPHWDOOLFE\
EDQG VWUXFWXUH FRQVLGHUDWLRQV EXW DUH DFWXDOO\ LQVXODWRUV 6RPH RI WKHVH ³PRWKHU´
PDWHULDOVDUHDQWLIHUURPDJQHWLF $) LQVXODWRUVEXWRWKHUVDUH LQVXODWRUVZLWKRXWDQ\
PDJQHWLFFKDUDFWHULVWLFV6XFKLVIRUH[DPSOH%D%L2ZKLFKZDVSURSRVHGWRKDYH%L
DWRPV RI DOWHUQDWLQJ YDOHQFH %L DQG %L ZKLFK PDNHV WKH PDWHULDO D &':
LQVXODWRU7KHVXSHUFRQGXFWLYLW\RIWKH%.%2IDPLO\ZKLFKLVGHULYHGIURP%D%L2
LVFRPSDUDEOHZLWKWKHVXSHUFRQGXFWLYLW\RIWKH/6&2IDPLO\ZKLFKLVGHULYHGIURP
WKH $) /D&X2 6R DUH PDQ\ IHDWXUHV LQ WKH QRUPDO VWDWH 7KH %.%2 IDPLO\
GHPRQVWUDWHVWKDW$)LVQRWHVVHQWLDOWRVXSHUFRQGXFWLYLW\2XUYLHZLVWKDW$)LVQRW
HVVHQWLDOWRHVWDEOLVKKLJK7FVXSHUFRQGXFWLYLW\EXWWKDWERWKFKDUDFWHULVWLFVVWHPIURP
WKHVDPHVRXUFH,QERWKPDJQHWLFDQGQRQPDJQHWLF+76&WKHUHDUHVWURQJHOHFWURQ
FRUUHODWLRQVGXH WR WKHVWURQJQHVWLQJWKDWH[LVWV LQPDQ\PDWHULDOVRI WKHSHURYVNLWH
VWUXFWXUHDQGLWVGLPHQWLRQDODVVRFLDWHV5HFHQWO\WKHSUHVHQWDXWKRUKDVVKRZQWKDW
WKLV QHVWLQJ OHDGV WR GLYHUJHQFHV RI HOHFWURQLF SRODUL]DWLRQV DQG RI WKH GLHOHFWULF
IXQFWLRQDW]HURIUHTXHQF\>@6XFKLUUHJXODULWLHVXVXDOO\WULJJHUWKHEUHDNGRZQRIWKH
V\PPHWU\RIWKHHOHFWURQLFVWDWHV
7KXV ZH DUH GHDOLQJ ZLWK D V\PPHWU\ EUHDNGRZQ WKDW LV FDXVHG E\ HOHFWURQ
FRUUHODWLRQV7KLVVXJJHVWVWKHXVHRIWKH*HQHUDOL]HG+DUWUHH)RFN*+)PHWKRGRI
1DPEX DQG *RUNRY >$ %@ VLQFH WKLV PHWKRG ZDV SURYHG PRVW VXFFHVVIXO LQ
WUHDWLQJ WKH WUDQVLWLRQ WR WKH VXSHUFRQGXFWLYH V\PPHWU\ZKLFK LV FDXVHGE\HOHFWURQ
FRUUHODWLRQV >@+HUHZH XVH WKH1DPEX¶V VFKHPH WR DQDO\]H WKH QRUPDO VWDWH RI
+76& DQG WKHLU PRWKHU LQVXODWLQJ PDWHULDOV 7KH LQKHUHQW GLIIHUHQFHV IURP
VXSHUFRQGXFWLYLW\LPSO\VXLWDEOHGLIIHUHQFHVLQWKHGHILQLWLRQRIFHUWDLQIXQFWLRQVDQG
LQ WKHLU WUHDWPHQW EXW WKH PDLQ IHDWXUHV DUH VLPLODU ,Q WKH SUREOHP RI
VXSHUFRQGXFWLYLW\WKHRIIGLDJRQDOVHOIHQHUJ\LVWKHSDLULQJVHOIHQHUJ\+HUHWKHRII

GLDJRQDO VHOIHQHUJ\ LV WKH JDS LQ WKH XQGRSHGPDWHULDOV DQG WKH SVHXGRJDS LQ WKH
GRSHG+76& 6LPLODUO\ WKH ILHOGRSHUDWRU LVGHILQHGGLIIHUHQWO\:HDVVXPH WKDW LQ
WKHXQGRSHGPDWHULDOVPRVWVWDWHVE\WKH)HUPLVXUIDFHDUHQHVWHGDQGFRQVHTXHQWO\
WDNH SDUW LQ WKH WUDQVLWLRQ WR WKH FRQGHQVHG SKDVH ,Q WKH GRSHGPDWHULDOV KRZHYHU
RQO\ D SDUW RI WKH )HUPL VXUIDFH XQGHUJRHV TXDVLSKDVH WUDQVLWLRQ 7KH RWKHU SDUW LV
UHQRUPDOL]HGLQWKHXVXDOPDQQHU7KLVVXJJHVWVOHQJWK\GHILQLWLRQSURFHGXUHZKLFKLV
SURKLELWHG LQ WKHSUHVHQW OHWWHUEHFDXVHRI LWV OLPLWHGYROXPH$PRUHGHWDLOHGSDSHU
ZLOOEHSXEOLVKHGHOVHZKHUH>@
+HUHZHGHILQHWKHILHOGRSHUDWRUDV
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ZKHUH )N  NNNN N LV WKHVWDWHZDYHYHFWRUVWKHVSLQDQGFDQGFDUHWKH
XVXDO DQQLKLODWLRQ DQG FUHDWLRQRSHUDWRUV7KHSURSDJDWRU* LV D [PDWUL[ DQGE\
DQDORJ\ZLWKWKHVFDODUFDVHLVJLYHQE\
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ZKHUH 7 LV WKH XVXDO WLPH RUGHULQJ RSHUDWRU DQG !)_  LV WKH JURXQG VWDWH RI WKH
LQWHUDFWLQJ V\VWHP ,Q SHUWXUEDWLRQ ILHOG WKHRU\ WKH SURSDJDWRU LV H[SDQGHG DV D
)H\QPDQ'\VRQ SHUWXUEDWLRQ VHULHV ZKLFK LV JLYHQ E\ RSHUDWRUV LQ WKH ³LQWHUDFWLRQ
SLFWXUH´ DFWLQJ RQ WKH JURXQG VWDWH RI WKH +DPLOWRQLDQ ZLWKRXW LQWHUDFWLRQV $Q
HVVHQWLDO QRWLRQ RI DQ\ WKHRU\ RI SKDVH WUDQVLWLRQV LV WKDW RQH FDQQRW REWDLQ WKH

FRQGHQVHGSKDVHDVDSHUWXUEDWLRQRQWKHQRQFRQGHQVHGSKDVH7KLVLVVREHFDXVHRI
WKH GLIIHUHQW V\PPHWU\ RI WKH JURXQG VWDWHV RI WKH WZR SKDVHV 7R JHW DURXQG WKLV
GLIILFXOW\ RQH PXVW GHILQH DQ XQSHUWXUEHG+DPLOWRQLDQZKRVH JURXQG VWDWH KDV WKH
V\PPHWU\ RI WKH FRQGHQVHG SKDVH 7R REWDLQ WKLV TXDOLW\1DPEX DGGHG D RQHERG\
RIIGLDJRQDO+DUWUHH)RFN SRWHQWLDOZKLFK SURGXFHV WKH ULJKW V\PPHWU\ DQGZKLFK
ZDVDVVXPHGWREHGHWHUPLQHGVHOIFRQVLVWHQWO\E\WKHSHUWXUEDWLRQWKHRU\>@+HUH
ZHZULWHWKH+DPLOWRQLDQE\PHDQVRIWKHILHOGRSHUDWRUV< DQGWKHRIIGLDJRQDORQH
ERG\SRWHQWLDO / 
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ZKHUH + LVWKHUHJXODUXQSHUWXUEHG+DPLOWRQLDQ W LVWKHZHOONQRZQ3DXOLPDWUL[
DQGWKH9¶VDUHWKHLQWHUDFWLRQSRWHQWLDOV1RWLFHWKH W DQGWKH,LQWHUDFWLRQYHUWLFHVLQ
(T F  $OVR QRWH WKDW WKH QXPHULFDO SUHIDFWRUV LQ (TV DF DUH GLIIHUHQW WKDQ
XVXDOGXH WR WKH IDFW WKDW HDFK LQWHUDFWLRQ WHUP ZLWK WKH FRSHUDWRUV UHSHDWV LWVHOI
ZKHQWKHVXPPDWLRQVDUHFDUULHGRXW$QDOWHUQDWLYHQRWDWLRQZRXOGEHWRUHVWRUHWKH
QXPHULFDOSUHIDFWRUV WR WKHXVXDOQRWDWLRQEXW WRSHUIRUPWKHPRPHQWXPVXPPDWLRQ

RQO\RQVWDWHV LQVLGHWKH)HUPLVXUIDFH1RWH WKDWDOWKRXJKWKH W YHUWH[ LQ(TF
DSSHDUVIRUPDOO\DV WUDQVIHUULQJDPRPHQWXPT LWDFWXDOO\ WUDQVIHUVDPRPHQWXPRI
TN)1RWH DOVR WKDWZH GURSSHG IURP WKH+DPLOWRQLDQ WKH SKRQRQLF SDUW DQG WKH
HOHFWURQSKRQRQLQWHUDFWLRQSDUWMXVWWRDYRLGOHQJWK\ZULWLQJDQGGLVFXVVLRQ7KHHO
SKRQRQLQWHUDFWLRQZLOOEHWDNHQLQWRFRQVLGHUDWLRQZKHQZHDSSO\SHUWXUEDWLRQWKHRU\
:H DOVR GLG QRW SXW LQ WKH +DPLOWRQLDQ HODVWLF VFDWWHULQJV E\ LPSXULWLHV 7KHVH
VFDWWHULQJVZLOOEHDQDO\]HGLQWKHODVWSDUWRIWKHSDSHU
7KHJURXQGVWDWHRIWKHXQSHUWXUEHG+DPLOWRQLDQRI(TDKDVWKHV\PPHWU\RI
WKHFRQGHQVHGVWDWHDQGLVJLYHQE\



 !)! ! )
V(
VN
V(
VNVNNN
NN
__FFYX_ 

ZKHUH YX N

N    (N DUH WKH HLJHQYDOXHV RI +  DQG !_  LV LWV JURXQG VWDWH
7KH GHILQLWLRQ RI WKH ILHOG RSHUDWRUV DV YHFWRUV GHILQHV WZR NLQGV RI SURGXFWV DQG
FRQVHTXHQWO\WZRNLQGVRIDQWLFRPPXWDWLRQUHODWLRQV6LQFHHDFKSURGXFWLVEHWZHHQ
DURZYHFWRUDQGDFROXPQYHFWRURQHJHWVDVFDODUZKHQWKHFROXPQYHFWRULVRQWKH
ULJKWVLGHDQGDPDWUL[ZKHQLWLVRQWKHOHIWVLGH,QWKHIROORZLQJUHODWLRQVWKHUHODWLYH
RUGHULVNHSWDVSUHGHWHUPLQHGUHJDUGOHVVRIWKHUHODWLYHSRVLWLRQVRI< DQG < ZKLFK
VXJJHVWVWKDW< PLJKWDOVREHDURZYHFWRUDQG < DFROXPQYHFWRU
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ZKHUHWKHPDWUL[0LQ(TELVGLDJRQDO7KHILUVWRI(TVLVVFDODUWKHVHFRQGLV
PDWUL[DQGWKHWKLUGPD\EHERWK7KHXVHRIWKH:LFN¶VWKHRUHPDQGWKHSHUWXUEDWLRQ
WKHRU\ LV MXVWLILDEOH DV LQ WKHSUREOHPRI VXSHUFRQGXFWLYLW\7KHRIIGLDJRQDOSDUWRI
(TELVLUUHOHYDQWVLQFHZHKDYHXVHGWKHQRWDWLRQLQZKLFKNDQGN
DUHLQVLGHWKH
)HUPL VXUIDFH ZKLFK LPSOLHV WKDW WKH GHOWD IXQFWLRQ YDQLVKHV &RQVHTXHQWO\ WKH
SHUWXUEDWLRQWKHRU\LVDSSOLFDEOHZLWKWKHUHSODFHPHQWRIWKHUHJXODUILHOGRSHUDWRUVE\
WKHYHFWRUILHOGRSHUDWRUV< 7KHPDWUL[SURSDJDWRULVJLYHQE\
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,Q (T  DQG KHUHDIWHU WKH VSLQ LQGLFHV DUH GURSSHG IRU FRQYHQLHQFH 7KH VHOI
HQHUJLHV ,6 DQG 6 VKRXOGEHGHWHUPLQHGVHOIFRQVLVWHQWO\
:HVWDUWZLWKWKHRIIGLDJRQDOVHOIHQHUJ\,QWKHXQGRSHGFDVHLWLVWKHVXPRIWZR
FRQWULEXWLRQV )+ // / 6 ZKHUH +/ UHVXOWVIURPWKHNQRZQ+DUWUHHGLDJUDP
DQG )/ IURPWKH)RFNGLDJUDP7KH+DUWUHHFRQWULEXWLRQLVJLYHQE\
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,Q (T  8   Z  LV WKH IXOO\ GUHVVHG VWDWLF LQWHUDFWLRQ WKDW FRUUHVSRQGV WR
)NT  ,WLQFOXGHV&RXORPELQWHUDFWLRQDVZHOODVHOSKRQRQHOLQWHUDFWLRQ1RWHWKDW
LQ(TDQGWKURXJKRXWWKHZKROHSDSHUWKHPRPHQWXPLQWHJUDWLRQLVSUHVHQWHGDV
GLPHQWLRQDO 7KLV LV RQO\ D IRUPDO SUHVHQWDWLRQ DQG VKRXOG QRW LQYDOLGDWH WKH
DQDO\VLVIRUGLPHQWLRQDO+76&7KH)RFNLQWHJUDOLVJLYHQE\
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ZKHUH O' LV WKH SURSDJDWRU RI WKH SKRQRQ RI PRGH O  J LV WKH HOSKRQRQ PDWUL[
HOHPHQWDQGWKHVXEVFULSWMGHQRWHVWKHLQWHUDFWLRQYHUWH[(TXDWLRQVDQGDQG
WKH UHODWLRQ )+ // / DUHFRXSOHG LQWHJUDOHTXDWLRQV7RVROYH WKHPZHDVVXPH
+) //  DQG WDNH WKH UDWLR I +) //  DV D VPDOO SDUDPHWHU7KH MXVWLILFDWLRQ
IRUWKLVDVVXPSWLRQLVGLVFXVVHGODWHU:LWKWKLVDVVXPSWLRQ(TLQFOXGHVRQO\/ RQ
ERWK VLGHV RI WKH HTXDOLW\ VLJQ DQG PD\ EH LQWHJUDWHG :H FKDQJH LWV PRPHQWXP
LQWHJUDWLRQLQWRLQWHJUDWLRQZLWKUHVSHFWWRWKHEDQGHQHUJ\)RUVLPSOLFLW\ZHDVVXPH
WKDWVLJQLILFDQWQHVWLQJSUHYDLOVZLWKLQWKHHQHUJ\UDQJH P(r DERXWWKH)HUPLOHYHO
DQGWDNH1WREHWKHEDQG'26ZLWKLQWKLVUDQJH:HJHW 
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